Abstract
Introduction
The growing mobility needs in urban passenger transportation can be managed by exploiting the existing infrastructure and promoting public travel modes (Gaal et al., 2015) . The development of information technology provides significant support for the modern modes of travel. At the same time, traffic patterns are also changing, and this change may also be subserved. For example, among young people between the ages of 18 and 29 it can be observed that the motorized individual transportation mode share is decreasing, while the public transportation and non-motorized individual transportation mode share is growing (Kuhnimhof and Wirtz 2012; Tóth and Ágoston, 2014) . The carsharing service fits the change in travel behaviour, combining the individual and public benefits of motorized transportation. The passenger car capacity utilization can be increased in two ways, as displayed in Fig. 1 :
• increasing time utilization (carsharing),
• increasing the number of passengers simultaneously delivered (carpooling).
Fig. 1 Ways of increasing passenger car capacity utilization
Examples of the combination of the two modes are rare, however carsharing and carpooling are not mutually exclusive.
The objective of the research was assessing the quality of carsharing systems, which had not been addressed in the past; even though many articles dealt with the traditional public transportation quality issues (dell'Olio et al., 2011; Redman et al., 2013) . On the other hand several studies have already examined the conditions of success of carsharing systems and other sharing based services in transportation like freight and warehouse exchanges (Csiszár, 2009; Kovács, 2009; Jorge et al., 2012; Krumke, 2013; Maurizio et al., 2014) . Agent-based simulation techniques have been applied for analysis of the operational and control mechanisms as well as for comparison of the different scenarios of on-demand mobility services (Čertický et al., 2015) . Alfian, Rhee and Yoon (2014) have devised a fuzzy classification to derive a service model that provides the highest income for service providers and the best service for customers according to performance indicators. The discrete event simulation presented in El Fassi's (2012) research also assists the decision makers by exploring areas for improvement and offering solutions that meet user expectations. Kent and Dowling (2013) proposed several practices which help to increase the acceptance and success of the carsharing system regardless of the service types. In another publication the number of potential carsharing users is determined on the basis of residence attributes, which helps to select the appropriate operation area (Coll et al., 2014) . In Chaefers' (2012) research the demand structure is uncovered and motivation patterns are identified regarding carsharing. The knowledge identified during the literature review has been built into our assessment method.
There are numerous types and operational models of carsharing systems, and their application depends on the size of the settlement and the local population characteristics. Installation of a new system (or extension of an existing one) requires comprehensive scientific approach. It includes the following modelling and method development steps:
• travel demand model (choice modelling),
• installation area choice method (stages of expansion),
• vehicle fleet determining method, • service characteristics determining method, • business model.
Multicriteria analysis and comparison of the current operating systems (best practices) relates to the steps above. In this paper our compensated multicriteria method is summarized, which is appropriate for determination of the level of quality of carsharing systems. The multicriteria method takes a large amount of data into consideration (Scarpellini et al., 2013) , furthermore the impacts described by exact values as well as hardly or non-quantifiable factors can both be evaluated (Mán-doki, 2003) . It is suitable for both retro-(ex post) and prospective (ex ante) use (European Commission, 1999) , and taking the individual criteria into consideration with different weights because of the compensation. However its limits are also considerable. The result significantly depends on the structure and amount of the available information, and the preference of the evaluators (Scarpellini et al., 2013) . Due to the fair properties of the method, it becomes increasingly popular in ratings pertaining to transportation (Yedla and Shrestha, 2003; Tudela, Akiki and Cisternas, 2006; Awasthi and Chauhan, 2011) .
Novelty of this method is aiding user decisions during both mid and long-term transport mode choice by assessing carsharing services. The method is easy-to-use because the required set of data must be publicly available. During the development of the method we were looking for the appropriate answers of questions that had occurred in the previous studies. The posed questions were:
• What are the most important service attributes regarding the service quality? • How is it possible to be considered dynamic parameters in both mid and long-term decision makings? • Does the quality of the service depend on the availability of other transportation modes and how?
We have assessed two carsharing services being in operation. The aim was to display the spatial variation, and to identify the most efficient way to increase the service quality. Since our method supports mid and long-term decision making, the verification of the result requires long-term data sets. It is still not available at the moment, hence the results have not been verified yet.
Analysis and Assessment Method
We focused on the users' (travellers') personal expectations and demands. Figure 2 summarizes the operational steps of the method:
1. Importance of user expectations is determined on the basis of the characteristics of the users. 2. The relationship between expectations and quality criteria is ascertained.
(The detailed definition of the attributes of the relation-
ship is the subject of our further research, so this step is shown in a box with a lighter background). 4. Weights are determined on the basis of importance of expectations as well as the relationship between expectations and quality criteria. 5. Evaluation numbers are calculated on the basis of the carsharing system's parameters and user expectations.
The results are weighted mean values based on the weights and evaluation numbers. They can be calculated for each quality category. Quality categories are specific groups created from the criteria. The total quality of the carsharing system is calculated as an aggregation of values of the quality categories.
Our quality analysis multicriteria method can be applied in two ways:
A. in a general way: without knowing the users' priorities and only for certain areas of the city (with house number accuracy), B. in a personalized way: incorporating the users' priorities and places into A. 
Quality criteria -quality categories
The determination of the carsharing service quality number is based on quality criteria. These may be either constant or spatially and/or temporally variable. We summarize the quality criteria and their evaluation numbers in Table 1 . In public transportation there are widely accepted norms that allow transforming subjective parameters into objective ones. We have applied these norms only with slight modifications for carsharing systems.
We focused only on operational issues in order to manage carsharing service successfully. Prediction of the exact number of users was not aim of the research. Further limitations of this methodological approach is caused by the scope and evaluation of these criteria. We mainly chose half-dynamic and static attributes of the service, although there are some dynamic parameters. The dynamic parameters have been transformed into half dynamic ones by averaging them, hence the result supports only mid and long-term decision making. Our general method has been adapted to the European practice, noting that the evaluation numbers may vary in different regions. The type of service has double effect on quality: directly by criterion c0 and indirectly by criterion c34, where the method of the evaluation is influenced by the type of service. Since wide range of various propulsion technologies of vehicles is appropriate for short trips, it has not been evaluated.
The acceptability of the system (c51) depends on the following:
• the clarity of the network and tariff system, • the circumstances of registration and payment,
• the circumstances of vehicle booking,
• the manageability of the on board unit.
The quality of the information system (c61) is influenced by:
• information about the vehicles,
• information about road traffic and parking, • information about public transportation.
We applied the compensated multicriteria method instead of alternative methods, since the weighted mean value allows consideration of the criteria with different levels of importance. Towards uniform scoring, we applied a 1-to-5 rating scale, where 1 is the worst and 5 is the best value. Our purpose was to assess the utmost parameters from the user's perspective. Accordingly we took into consideration the following attributes: flexibility of the service (c0), carsharing users' walking behaviour on the basis of experiences (c11: 250 m is also acceptable for short and long term parking and 800 m is the maximum distance for a long term parking according to proposal of parking place designing), temporal usage of carsharing (c12: the limits were determined on the basis of length of short and long reservations), fluctuation of the usage in time (c13, weights x, y and z), capacity of different public transportation vehicles (c31), the travel demand characteristics of each service type (c34), the length of the shortest available new vehicle and regulation of parking place designing (c42). Example for other necessary activities: opening and closing a parking barrier.
The evaluation of several criteria can be done by users' questioning related to the assessed carsharing service. Figure 3 displays the grouping of spatially and/or temporally variable carsharing criteria. The other criteria are assumed to be constant. The quality of the carsharing service is a spatially and temporally variable dynamic parameter, as the average distance to the nearest vehicle (c11) is not constant, since the demand rate is different in each term (Costain et al., 2012) . Fluctuations in demand are the basis of the dynamic characteristic. However both the internal (c32) and external appearance (c41) of the vehicle also gives rise to it.
We omitted the users/population number per vehicle criterion, since this rate and the quality of service are not clearly related. This is proved also by observation, as the users/population number per vehicle varies widely (Loose, n.d.) . The evaluation of criterion c11 (average distance to the nearest unoccupied vehicle) for systems before installation is not obvious. It is necessary to determine a utilization rate for each term and to estimate the expected spatial distribution of vehicles for one-way and free-floating systems. A simple estimation can be applied: the expected number of unoccupied cars is distributed among the zones on the basis of population and density. The latter two indicators are related to the number of users. In our simple calculation, 50 % of the vehicles are distributed on the basis of number as well as the other 50 % on the basis of the density of population in each zone. In both cases the zone attributes are compared to the aggregate attribute of all zones. We have created four categories from the quality criteria in reference to the carsharing system on the basis of the standardized quality approach for public transportation that is used in the European Union:
• q1: quality of service,
• q2: quality of travel, • q3: manageability, • q4: environmental impact. Table 3 presents the categorization of quality criteria.
Assessment 4.1 User expectations
Since the user characteristics are individual, the weights and the perceived quality of service are different for each person. The user preference is primarily influenced by the mobility patterns. The density of residence (Headicar and Banister, n.d.) and the number of household vehicles significantly affect a person's traffic patterns. The variables of user expectations (Table 2) are to be determined by questionnaire. Although the reasonable rate is an important user expectation, we did not address it yet. However in our further research we are going to reveal the coherence between the quality and rate. When the individual user preferences are unknown and the 'A' type of assessment method is applied, average preference values are to be determined on the basis of local knowledge.
Relations between expectations and quality criteria
The weights (g i ) can be determined on the basis of the importance of user expectations and the strength of the relationship between expectations and quality criteria. Our assessment method indirectly contains the properties of the trips (e.g. destination), because the weights are derived from the individual user preferences, what is influenced by the general trip attributes. The strength of a relationship (r i,j ) indicates how the expectations (j) are fulfilled by a criterion (i). Table 3 displays the presence of the relationships between quality criteria and user expectations by quality categories. As the exact determination of the strength of the relationships requires 'deeper' research, we only performed estimations in absence of the exact knowledge.
For example r 13,1 indicates the strength of the relationship between criterion 13 (operating time) and expectation 1 (freedom, independence).
Calculation of Weights
The weights are calculated in two steps on the basis of Eq. (1) and (2) Where:
• i: the index number of quality criteria (0, 11, ..., 61),
• j: the index number of expectation (1, …, 9).
According to Eq. (1), if a quality criterion is in relationship with several user expectations, the resultant weight (g j ) is the sum of partial weights of each expectation. The partial weight of one criterion and one expectation can be calculated on the basis of Eq. (2). The numerator of the first fraction is the strength of the relationship; the denominator is the sum of strengths of the relationships subject to the same expectation. The numerator of the second factor is the importance of the expectation; the denominator is the sum of the importance of every expectation. It is impossible to determine a weighting system that is uniformly valid everywhere since the preferences are different, however the expectations of real and potential users are the same. Furthermore the following two constraints must be met:
• 0 ≤ g j ≤ 100, " g j • ∑g j = 100.
The weighting system can be derived with consideration to either average or individual preferences of users. In the latter case, personalized quality level is determined, which (1) (2) significantly supports the decision-making. The values of the weighting system are considered as constants, noting that the importance of a free parking place depends on the actual number of free parking places, which is different for each term.
Evaluation numbers of quality criteriaevaluation
Guide to the determination of the evaluation numbers is given in Table 1 .
There are three input sources of data required for the evaluation:
• user characteristics (c 11 , c 32 , c 33 , c 37 , c 41 , c 51 , c 61 ),
• properties of carsharing service (for each criterion),
• areal properties (c 31 ).
Calculation of Results
The service quality (q 1 ), travel quality (q 2 ), manageability (q 3 ) and environmental impact (q 4 ) can be calculated separately on the basis of the Eqs. (3)-(6). The aggregated result is a weighted mean value, which can be calculated on the basis of Eq. (7). The values of the quality categories and the aggregated quality number are beneficial for potential users in decision making, because the carsharing systems are comparable by these results.
Spatial representation of the service quality is appropriate for the identification of areas where the quality of service is low as a consequence of the long average distance to the nearest unoccupied vehicle. Patterns of use become visible by representing the temporally variable distribution of unoccupied vehicles on a dynamic map. The areas can be recognized where q either the number of vehicles is low or development is required. The ranking of development options also can be determined on the basis of the results. Furthermore our quality analysis method makes evaluation of the assumed conditions after the interventions also possible.
Application of the method in Budapest
We applied the method without the knowledge of individual user preferences (type 'A') to estimate the summer 2014 conditions of a fix-floating carsharing system, which has been in operation in Budapest since 2013. As part of that:
• The importance of user preferences on the basis of local features has been determined.
• The strength of the relations between expectations and quality criteria has been estimated.
• The weights have been calculated.
• Evaluation numbers have been determined on the basis of service attributes. Table 4 summarizes the evaluation numbers and weights, the evaluation numbers are based on the information gathered from the website of the service. The weights are independent of service type of carsharing.
Results calculated on the basis of values in Table 4 are the following: q 2 =3.55; q 3 =4.42; q 4 =1.5.
The value of q 1 is spatially variable due to quality criterion c 11 and c 31 . Consequently the value of Q is also not spatially constant. On the observed area the value of q 1 ranges from 2.45 to 3.82, whereas the value of Q ranges between 3.08 and 3.68. Fig. 4 displays the spatial change of Q. In our case it is unnecessary to investigate the temporal change of quality due to the low vehicle and user number. In this example, disregarding the service type and average distance to the nearest free vehicle, the weak points of the system are: CO 2 emission (c 44 , 1.5 point) and conditions of parking (c 36 , 2 point). Among these criteria the c 36 has the largest weight, hence the most efficient way to increase the service quality is to establish dedicated parking places.
Conclusion
The main contributions of the paper are:
• method for analysing and evaluating carsharing services, that takes into consideration individual user preferences and location, • evaluation of the changes in service quality over time, • graphical representation of the results (decision support).
The key findings of the paper are:
• the most important attributes for the users are reliability and conditions of parking, • carsharing services also offer a more effective and sustainable way of car usage for organizations, • the most appropriate area for a carsharing service is a high density area with good public transportation.
The lessons learnt:
• carsharing service cannot be successful in isolation from other transportation modes, • since the carsharing serves also latent demands it is necessary to influence the users' travel behaviour.
Further research directions:
• apply the evaluation method to other transportation modes. In this way the users can compare them and take into consideration the personal preferences, cost, and quality (personal decision support), • development of a decision support information application on the basis of theoretical terms.
